We re-examine the question of condensed neutrino objects (degenerate neutrino matter) based on new calculations. The potential show-stopper issue of free-streaming light neutrinos inhibiting galaxy formation is addressed. We compute the period associated with simple harmonic motion (SHM) of galaxies embedded within condensed neutrino objects. For observational consequences, we examine the rotational velocities of embedded galaxies using Hickson 88A (N6978) as the prototype. Finally, we point out that degenerate neutrino objects repel each other in overlap and we compute directly the repulsive force between two interesting and relevant configurations. An outstanding issue is whether the accompanying tidal forces generated by condensed neutrino matter on embedded galaxies give rise to galactic bulges and halos. 
Introduction
There are two known astrophysical objects containing degenerate matter supporting equilibrium: white dwarfs and neutron stars. A possible third degenerate regime was investigated decades ago 1 , hypothetically lying in between a neutron star and a black hole, but the equation of state required was so unnatural 1 , it is believed that 'quark stars' cannot exist. Another possible third degenerate regime might be found in galactic halos. However, the required multi-kilo-parsec hydrostatic equilibrium configuration means kinetically that the particle must have substantially less mass than the electron itself 1 . The only known particles are the neutrinos. In this paper, we discuss this possible third degenerate regime: Dirac neutrino matter consisting primarily of big bang relic neutrinos that have condensed from the primordial neutrinos and anti-neutrinos of the Big Bang itself.
The history of degenerate neutrino matter starts in 1973 with the proposal of Cowsik 
and McClelland
2 that dark galactic halos may be neutrinos. There followed an intense period of research into this idea, up to the mid-1980's, until it was realized that light neutrinos will have large velocity dispersions making condensation by gravitational relaxation unlikely. A very good review of the literature of the 1980's can be obtained from the work of Chubb 3 who cites Gao 14 states that a cold relic neutrino gas leads to the Lane-Emden equation. In contrast, we derive our EOS for the condensation of big bang relic neutrinos using the most recent particle data available 15 indicating that neutrinos have mass of the order of ∼ 1 eV/c 2 (c: speed of light), with very small mass differences between neutrino flavors. Thus, with a common neutrino mass and a mass degeneracy of 6, we obtain an EOS that does not lead to the Lane-Emden equation. In our present solution, we assume no differential rotation of the neutrino object. The resulting no rotation degenerate neutrino objects have size and mass which, if they exist, are the most massive and largest single objects in the universe. Their size ranges from objects that can contain a single galaxy to objects that can easily contain a cluster of galaxies. Furthermore, they are totally transparent due to the non-interacting nature of low energy neutrinos: one can see right through them. Light, however, does carry information that will reveal their existence. We reference this observational property in the conclusion section of this paper. We show, by deriving the theoretical formula, that a galaxy near the center of condensed neutrino matter undergoes simple harmonic motion (SHM). This spatial separation of galactic mass centroids with degenerate neutrino object mass centroids can lead to asymmetric galactic rotation velocity profiles (meaning the galaxy rotation speeds have azimuth angle dependence). We show how this works using Hickson 88A as the iconic example. Finally, we comment on the expected tidal forces that will arise for galaxies embedded within these neutrino objects.
A Cooling Mechanism for Primordial Neutrinos and Anti-neutrinos
As already mentioned, light neutrinos pose a cosmological show-stopper 16 : their free-streaming relativistic velocities wash-out small-scale primordial density fluctuations, which would have allowed galaxies to form before galaxy clusters. If, however, neutrino condensation occurs and occurs early on, then the neutrinos are swept up and removed as a gas, negating the free-streaming phase. The question now becomes: what is the cooling mechanism for cosmological neutrinos and anti-neutrinos that would allow them to lose their kinetic energy around the time they decouple from baryonic matter?
A possible cooling mechanism has been given in ref 17 , where it was shown, in a classical physics computation, that neutrinos radiate power through their anomalous magnetic dipole moment in a turbulent magnetic field. The early universe had magnetic fields comparable to or larger than those in Neutron stars 18, 19 . In the absence of a mean field, all magnetic fields are generated and maintained by the turbulence itself. Furthermore, all turbulent magnetic fields are out of thermal equilibrium 20 . A small-scale dynamo gives exponentially growing magnetic fields with energy concentrated at small scales. If the (Dirac) neutrino magnetic moment is anomalous, it can have values approaching the Particle Data Group 15 upper bound
where µ B is the Bohr magneton. There are regions in early universe phase space 17 where neutrino magnetic moments can radiate power at 1 MeV/s. Comparing this to decoupling neutrino temperatures ∼ 1 − 3 MeV, neutrino and anti-neutrino cooling may be realizable. In order to answer the question of neutrino condensation timelines, one needs to do a full electromagnetic treatment of early universe magnetic field generations, in concert with neutrino primordial density fluctuations. For this paper, we assume that magnetic cooling in turbulent early-universe plasmas, which are known to be present at the time of neutrino and anti-neutrino decoupling from baryonic matter, is sufficient for early condensation of neutrino objects. This then would be a third example of degeneracy pressure supporting an astrophysical body.
Scattering Processes within the Neutrino Object
The neutrino object proper will be constructed in section 4. Before that, we discuss its transparency, internal interactions and lifetime.
3.1 Photon scattering and neutrino-photon annihilation in condensed neutrino matter Ref 21 has computed the low energy neutrino-photon scattering in vacuum (the box diagram in the Standard Model). Taking his numerical calculations, we graph the cross section in Figure 1 , for visible light. It is arguably one of the smallest cross sections in nature. However, the scattering in condensed neutrino matter is taking place within a degenerate medium and so there are no empty neutrino states available except for those near the Fermi level. Thus the true incoming photon cross section is dramatically much smaller than Figure 1 in vacuum and we conclude that the condensed neutrino matter is totally transparent to light, except scattering by embedded matter within it. The Dicus calculation 21 also gives us the annihilation cross section (the inverse reaction) of neutrino-anti-neutrino to photons in condensed neutrino matter. This rate is so small that condensed neutrino matter has a lifetime that is orders of magnitude longer than the lifetime of the universe. Once formed, their only evolution is to grow and potentially collapse to Black Holes.
Neutrino-anti-neutrino annihilation into electron and positron
Without an exact calculation, one would think that the critical mass (maximum allowable mass) of condensed neutrino matter is determined by the neutrino-anti-neutrino annihilation into an electron and positron, Figure 2 , in analogy with the maximum white dwarf star being determined by the disappearance of electrons (the source of pressure resisting gravity) from inverse beta-decay. This turns out not to be the case. The condensed neutrino object critical mass and size come directly from the requirement that its radius must be greater than its Schwarzschild's radius. This maximum condensed neutrino mass turns out to have a Fermi momentum much smaller than the m e c (where m e is the electronic mass) value coming from Figure 2 , and so Figure 2 is absent due to conservation of energy. 
Neutrino Dipole Interactions
Within the condensed object, neutrinos and anti-neutrinos will have magnetic dipole interactions. Because the degenerate state has configuration states that are plane waves, only the Fermi Contact Interaction contributes. It is easy to show that this interaction energy vanishes as the size of the object becomes large, and so neutrinos and anti-neutrinos are ideal degenerate gases.
Equation of state
To simplify the description of degenerate neutrino objects, we use the fact that the experimental masses are close in value to each other 15 , ∼ 1 eV/c 2 . We call this the 'common neutrino mass'. The various configurations possible with three flavors of Dirac neutrinos and anti-neutrinos can be simplified by assuming that neutrino objects have no net leptonic charge so the total degeneracy factor is 6 (three flavors of Dirac neutrino and three flavors of Dirac anti-neutrinos). The condensation process is non-trivial as already discussed and will put constraints on the value of the neutrino anomalous moment and early universe magnetic turbulence.
In white dwarfs, electrons constitute the pressure, but contribute negligible mass. The mass in white dwarfs comes from nuclei which must be present to preserve charge neutrality. Here, the situation is totally different because the degenerate neutrino gas supplies both the pressure and the mass.
The number of neutrinos (spin up and spin down) between momentum states p and p + dp is (restoring c,h units)
where V is the volume and h is Planck's constant. The total neutrino particle energy is
where p 0 is the Fermi level at radius r and
Once we obtain E ν as a function of p 0 , the mass density ρ ν as a function of p 0 is
The reason for this is that the neutrinos are in momentum states and their mass increases in accordance with Special Relativity. Eq.(3) can be integrated by the change of variables
giving
Using sinh 4θ = 2(2 sinh θ cosh θ)(2 cosh 2 θ − 1)
and changing to the x variable
we obtain
The total mass density of the 6 different neutrinos and anti-neutrinos making up condensed neutrino matter is ρ total
The total pressure P total is just 6× the pressure of the familiar electron gas giving
Eq (11) and Eq(12) are the equation of state (EOS) for a degenerate neutrino gas with 6 degrees of flavor degeneracy. It does not result in the Lane-Emden equation that appears in white dwarfs 22 .
Hydrostatic equilibrium
The equation of hydrostatic equilibrium to be solved is
Eq (13) with an iron-silicate EOS describes earth, with an electron EOS describes white dwarfs, and with a neutrino EOS describes condensed neutrino matter, if it exists. In what must be considered one of the most unusual results in physics, the smallest particle in mass gives rise to the largest and most massive structures in the universe. The boundary conditions associated with Eq(13) are
The hydrostatic equation is integrated outward to a radius R 0 where x = 0. The mass interior to a specified point r ≤ R 0 is
with total mass M total = M(R 0 ). The total potential energy Ω of condensed neutrino matter is
The astrophysical characteristics are 1. Total mass M(R 0 ) and radius R 0 .
2. Density profile ρ total (r).
Mass profile M(r).
4. Potential energy Ω.
Spherical Equilibrium Solutions
We do the cases m ν c 2 = 1 eV and the m ν c 2 = 0.5 eV. The abbreviation 'ly' stands for light year, 'pc' stands for parsec and the abbreviation R S means Schwarzschild radius.
0.001 3.100 × 10 Table 1 , it is clear that the transparent condensed neutrino matter can contain one or more galaxies embedded within them. The case x = 1 is near the applicability of Eq.(13), since its solution has a radius ∼ 2.25× its Schwarzschild's radius. Thus it is manifestly clear that neutrino-antineutrino annihilation into electrons and positrons never occurs: Figure 2 is forbidden by conservation of energy until the Fermi level is high enough, but by then, condensed neutrino matter will have already collapsed under its own weight. In the following figures 3-6, we give the computed solutions. In Table  2 , we give the units for the figures 3-5 (m ν c 2 = 1 eV). As the neutrino mass decreases, condensed neutrino matter becomes more massive and larger for the same boundary condition x(0) at the center.
Non-spherical Solutions
Condensed neutrino matter may support non-spherical solutions, because of the absence of surface tension forces. Bi-spherical geometry with a bridge or filament in-between two nearly spherical ends, giving a dumbbell appearance would be attractive first-approach. This, however, will not be pursued further here.
The Repulsive Force Between Condensed Neutrino Objects
Another important concept which the existence of the static neutrino solutions affords us is the calculation of the repulsive force between overlapping neutrino objects. If two objects overlap, then their neutrino wavefunctions overlap, which causes them to disappear under the anti-symmetric permutation operator. They then have to appear in the available un-occupied states. Thus, as two degenerate condensed neutrino objects are pushed together, the radius of the larger object decreases with concomitant increasing of its Fermi level. The amount of energy required to push two objects together with an overlap of distance L is thus equal to the difference of energies between the original larger in size object and the newly compressed object whose radius has decreased by length L. The new 'binary' configuration now has both objects just-touching. As an example of the immense repulsion forces involved, we compute the repulsive force between the x(0) = 0.1 object and a x(0) = 0.05 object in Figure 7 . The units in this Figure are the same units as in Table 2 . Thus, for example, a distance R =1 is an overlap distance of 1.5045×10 5 light years and the energy unit is the mass unit of Table 2 multiplied by c 2 . The original size of these objects, in distance units is 8.65183 for the higher mass object x(0) = 0.1 and 12.24828 for the smaller mass object x(0) = 0.05. The actual force is the slope of the energy curve in Figure 7 , which to the numerical accuracy used in the calculation, is parabolic. Thus the repulsive force is a compressed spring, a linear force. Working out the units, we use the symbol k 
This is a candidate for the largest spring constant in Nature. From these considerations, multiple degenerate neutrino objects may be found experimentally packed together like billiard balls. This has observational implications: the space between the "billiard balls" may be the accumulation region for baryonic matter and the prediction that matter in the early universe congregates in ribbons and the potential wells at the center of neutrino objects. 
Simple harmonic motion of an embedded galaxy
In nearly four hundred years of celestial mechanics we have only seen bound gravitational systems executing elliptical orbits about their common center of mass and unbound systems executing parabolic trajectories. However, the dynamical problem of a galaxy embedded within condensed neutrino matter is unprecedented: there are no foci. Condensed neutrino matter in hydrostatic equilibrium is spherically symmetric, so the force vanishes at the center. As an embedded galaxy moves past the center, gravity will act to pull it back: the galaxy will execute simple harmonic motion (SHM). In this section, we derive the period of this motion.
The total interaction W total between the embedded galaxy and the condensed neutrino matter is
where ρ is the total mass density of the system. Separating out the condensed neutrino matter 'B' from the embedded galaxy 'G' by ρ = ρ B + ρ G gives
Defining W interaction as
with
We next expand Φ( r) in a Taylor series expansion about the origin using the general formula f ( r + a) = e a· ∇ f ( r) (
In our case
and the interaction is quadratic in the small amplitude a signaling SHM.
Computing the non-zero term gives
finally leading to
In Eq(25), M G is the mass of the galaxy executing SHM near the center of the condensed neutrino matter. Recall from classical physics that the work done by a spring force for displacement a is W interaction = − 1 2 ka 2 , we see then that the angular frequency ω associated with motion about the condensed neutrino matter centroid is
which leads to the final formula for the period T
In Table 3 , we present the period for two interesting cases. Condensed neutrino matter has effectively two parameters: the common neutrino mass and the boundary condition x(0) of the centroid Fermi momentum. This parameter space creates SHM periods ranging from millions to billions of years. 
Expected observables of SHM
For a galaxy undergoing SHM, we expect to see clear separation between the center of visible mass and the gravitational potential. But the most interesting consequence lies in the expected tidal forces that will act on the embedded galaxy. These tidal forces change direction as SHM is executed, which means that a detailed simulation is required to answer quantitatively the cumulative effect of many oscillations. This is research beyond the topic of the present paper. However, one expects that stellar orbits become randomized due to this 'tidal friction'. The possible outcome might be the formation of a galactic bulge and halo. Presently, the Milky Way galactic bulge is thought to occur from two scenarios 23 : secular evolution of the galactic disk (i. e. disk instability) and/or gravitational collapse. However, both would be expected to be consequences of tidal forces: the distinction arising from the difference of the initial local star density resisting the tidal gradient. A very interesting number then is the time it would take for an embedded galaxy to thoroughly randomize all stellar orbits and create an elliptical galaxy.
The predicted spatial separation of galactic mass centroids with degenerate neutrino object mass centroids will be expected to cause asymmetric galactic rotation curves. Asymmetric rotation curves mean that when observational rotational speeds from one side of a galaxy are folded over on top of the speeds on the other side, there are differences for the same galactic center distance. Some fraction of all galaxies should have asymmetric rotation curves. In this paper, we give one example where we fit the galaxy Hickson 88A (N6978) 24 , within a condensed neutrino object. No attempt was made to optimize the fit at all. The geometry of separated centroids is given in Figure 8 . Here R 0 is the separation distance between the degenerate neutrino mass centroid and the galactic mass centroid, Θ 0 is the phase angle between the embedded galaxy's rotation line and the vector R 0 , ζ is the one-sided farthest distance along the rotation line, σ is the other sided distance and q max , q min are the maximum and minimum distances from the neutrino matter centroid. The condensed neutrino model parameters used in Table 4 are x(0) = 0.05, Θ 0 = 58
• and R 0 = 63.4 kpc, while the remaining parameters in Figure 8 are attributes of the embedded galaxy. In this example, we see clearly the asymmetric rotation curve of Hickson 88A due to the presence of the neutrino object's gradient gravitational potential.
Conclusion
New calculations are presented for degenerate condensed neutrino matter. Though transparent to light, condensed neutrino matter has several calculable effects on light, which are experimentally available for detection: embedded galaxies experience additional red-shifts from the work that light must do to overcome the neutrino gravitational well. Additionally, the neutrino well has calculable gravitational lensing effects. This topic will be addressed in a future paper. If condensed neutrino matter exists, then SHM of em- Table 4 : Non-optimized model for Hickson 88A rotational asymmetry bedded galaxies is an unavoidable occurrence. Embedded galaxies that are not coincident with the centroid of a neutrino object can have asymmetric rotation profiles. An example, given in this paper, is Hickson 88A. The 'billiard ball' configuration of multiple neutrino objects is unavoidably a result of their Fermi repulsion and it would lead to weird empirical lensing solutions. Neutrino condensation removes the free-streaming neutrino problem.
